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[57] ABCTRACr 

A system for monitoring and recording the movement 
of aircraft and their external characteristics and paths 
during and after landing and take-off from an airport 
runway . detects malfunctions, pilot error, equipment 
failure or other evidence that might assist in determin- 
ing the cause of a crash or. other malfunction- The sys- 
tem includes a plurality of video cameras located adja- 
cent to the runway, a video recording device for saving 
information from the cameras, and video transmission 
means connecting the cameras to the recording device. 

14 Claims, 1 Drawing Sheet 
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even if no safety precautions resulted therefrom, as in 

AIRPORT RUNWAY MONITORING SYSTEM the case of a flock of birds flying into an engine causing 

it to stall. In this respect, recorded visual data would 

BACKGROUND OF THE. INVENTION contribute to . the resolution of legal disputes such as 

1. Field of the invention ^ whether an airline negligently caused a crash or 
This invention relates to monitoring systems and whether the crash resulted firom unforeseen or unavoid- 

morcparticulaiiy to a system that monitors and records able consequences. Thus, a system for gathering and 

the movement of aircraft and their external characteris- recording visual evidence surrounding aircraft crashes 

tics and paths during and after landing and take-off from is necessary to help reUably determine their causes, 
a runway, to detect malftmctions, pilot error, equipment SUMMARY OF THE INVENTION 

failure or other evidence which might assist in deter- 
mining the cause of a crash. The present invention provides an airport runway 

2. Description of the prior art monitoring system for monitoring the external charac- 
Today's travel oriented society has caused a signifi- teristics of aircraft before, during or after taking off 

cant increase in the volume of airline traffic. A concom- from or landing on a runway to detect unusual events 

itant of this increased volume is a higher number of such as collisions with other objects, equipment, mal- 

aircraft crashes. A great number of crashes, possibly the functions, pilot errors or other problems which may 

majority, occur during the aircrafts* approach, arrival lead to a crash. It is an c^ject of this invention to pro- 

or departure from an airport Aircraft crashes cost vide a means for visually monitoring the movement and 

many people their lives every year and lead to substan- ^ the external characteristics of aircraft then recording 

tial economic losses to airlines and insurance compa- that information so it can be analyzed in the event of a 

nies. If methods were available to facilitate determina- crash or other disabling event Once the recorded infor- 

tion of the exact causes of crashes preventative steps mation is analyzed, the causes of the crash or other 

could be initiated to eliminate those causes thus rcduc- event may be determined and safety precautions imple- 

ing the number of crashes. 23 ^^^^^ ^ prevent accidents from occurring due to 

A recent crash of a Douglas DC-9 in Detroit oc- similar causes, 
currcd because one wing of the airplane struck a tele- ^hc invention comprises a plurality of video cameras 
phone pole durmg teke^ff. The airplane roUed to an ^^^^ ^ ^^^^ runway which view, 

mverted position and crashed on an adjacait freeway appropriate lensing, the landing and take^ffof 

The probable «msc <i^^^ by mvestigation and 30 ^^^^ ^ ^ 

certain assumptions, was Aat the wmg flaps were not ^ ^ thescaameras are transmitted to a recording 
pl«xd m the takenoff PC^iUon by thefli^rew The ^ ^ ^ 

arplane consequently did not have the pr^r hft and recording mSes. Once recorded, the data is 

fhght characteristics to achieve take-ofT. However, a viucw ic^iumK imn^umra. vuw« icwiuwi^iuc " 

pilot m another aircraft m close proximity who was 35 stocd for a certam period of time so it can be reviewed 

observing the DC-9'$ takeoff roD steadfastly main- ^^^tasaxy, . . ^ ^. . v 

tained he saw that the flaps were ertended. If a visual ^h® ^^eo cameras are positiOTed adjacent to the 

record of the exterior portion of the aircraft during ™way m such a configuration that the path of each 

take^ were available, there would be no contention. aircraft is momtwed for as long as practiodly posable 

This is one example of the causes of aircraft crashes. 40 tts XakeofT or landmg. When aircraft are landmg 
Other causes might be a flock of Wrds becoming en- ^ ^a^S off they may be considered to be traveling 
gulfed in an aircrafb' engines causing the en^nes to through a sequence of zones defining their path. When 
stall, a small plane striking another airCTaft, a fire occur- landing, an aircraft approaches the runway on its glide- 
ring in the engines, landmg gear malfunctioning, or ^^pe, touches down in a touchdown zone, decelerates 
excessive ice building up on the wings or fuselage. Evi- 45 through a deceleration zone and achieves taxiing speed 
dence such as whether the aircraft rolled properly after ^ a taxiing speed zone. Similarly, when taking off, an 
take-off, whether smoke was generated from a particu- aircraft initiates its thrust in an initial thrust zone, accel- 
lar part of the aircraft or whether the aircraft's exterior through an acceleration zone, lifts off in a accel- 
mechanics were proper for flight would contribute erates through an acceleration zone, lifts off in a lift-ofT 
greatly to the resolution of the causes of aircraft crashes 50 «>^w and ascends on its flight path. To monitor aircraft 
if visually recorded. passing through these various zones the aforementioned 

Present methods of gathering evidence to determine plurality of video cameras is used. Each video camera is 

the cause ofcrashes have proven to be inadequate. Very pointed or trained at a fixed position relative to the 

often these methods do not answer all the questions runway so it can monitor aircraft whether they are 

concerning the crash. The on-board flight recorder or 55 landing on or taking off from the runway in either direc- 

**black box*' which records voice communications of tion. 

the cockpit and other flight information is the primary . The configuration of video cameras is such that there 

source of evidence. This recording along with witness are first and second video cameras, one at each end of 

testimony is often the only evidence available. If there is the runway, used to monitor aircraft either descending . 

conflicting testimony among witnesses, or if witnesses' 60 on their glideslope when landing, or ascending onto 

testimony conflicts with the **black box" recording the their flight path when taking off. A third and a fourth 

true cause of a crash may never be ascertained. camera are staggered relative to each other, one on each 

Causes of some past crashes have remained unsolved side of the runway, to monitor aircraft from the touch- 

because not enough evidence was available to analyze down zone through the taxing speed zone when landing 

why the crash occurred. Very often there remains unan- 65 or from the initial thrust zone through the lift-off zone 

swered questions regarding the external characteristics when taking off. Additionally, a fifth and a sixth camera 

of an airplane during a crash. At a minimum, recorded may be positioned, one on either side of the runway, to 

visual data could provide an answer to this question monitor aircraft while they are in either the acceleration 
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or deceleration zone. The fifth and sixth cameras may manually activate in conjunction with the previously 

also observe aircraft once they have achieved taxiing mentioned conuol device. 

speed or when the aircraft engage their initial thrust. The aforementioned configuration of video cameras 

The preferred embodiment of the invention utilizes and method for recordmg the visual data gathered by 

the first, second, third, and fourth cameras as positioned 5 the video cameras is an effective tool for facilitating the 

above to effectively monitor aircraft for as long as prac- resolution of aircraft crashes. Review and analysis of 

tically possible when using a runway. The cameras may such recorded data will often resolve what would oth- 

be repositioned relative to the runway, or additional erwise remain a mystery. 

cameras may be used so that the aircraft are continu- BRIEF DESCRIPTION OF THE DRAWINGS 

ously monitored over their anterior, posterior, side, and , . ^ r^u 

unddmeath sections when landing or taking off. Prefer- . FIG- 1 « a plan view of on embodunent of the present 

ably, each camera is equipped with appropriate camera "vention showmg a runway and the associated 2a>« 

having high resolution, telephoto capability. ttepugh which "^.trayel wh«. landmg or «kmg 

anton^tic foc^ing^ iris control. AdditionaUy. each off « » north direcuon and the positions of the 

camera could be equipped with automatic target track- « cam«as used to monitor the aircraft; 

ing thereby aUo^^gS camera to follow each air- ^J^G 2 b a plan view of the runway ^Q-l ^.A 

I J- * I,- er *i the associated zones for aircraft landmg or takmg on m 

craft landmg or takmg off rather than havmg the cam- ^ ^ direction; 

eram a stationary portion. FIG, 3 is a plan view of anotiier embodiment of tiie 

The aforementioned posmomng of the fo^ ^ ^ 
cameras compnsing tiie preferred embodiment of tiie ^ ^^^^^ ,^ ^^^^ ^ 
invention is effective for airports usmg a smgle runway; ^^^^^^ ^ ^ ^ 
however, the majority of airports use at least two run- direction- 
ways so they can accommodate takc^ffs and landings piQ. 4 is a pllm view of two runways of FIG. 3 show- 
during >^ous wmd conditions. A sax)nd runway, ^ . ^ ^^^^^ 
having the same sen« of zones as the first runway^ ^ ^ southwest and northeast direction; 
usually positioned obhquely to the runway descnbed 5 ^ schematic view of a video camera, moving 
above, and consequentiy additional video cameras are ^^^^ support means, recording device, and control 
required to effectively monitor both runways. Thus, a ^^^^^ present invention, 
second embodiment of the invention adds fifth, sixth, ,q 

seventh and eighth cameras positioned adjacent to the DESCRIPnON OF THE PREFERRED 

second runway. The fifth and sixth cameras are posi- ENfBODIMENT 

tioned, one at each end of the second runway to moni- Referring more particularly to the drawings and ini- 

tor aircraft descending on their glideslopc or ascending jj^jy ^ pjQ ^ shown a runway 2 and the 

onto their flight path. The seventh and eighth cameras 35 associated zones through which aircraft must travel 

are staggered relative to each other, one on each side of v/\iQn landing or taking off. The runway 2 illustrates 

the second runway, to monitor aircraft from the initial aircraft landmg and taking off in a south to north direc- 

thrust zone through the lift-off zone or from the touch- don. Aircraft generally land and take-off in the same 

down zone through the taxing speed zone. Preferably, direction, Le., into the wind, so take-offs and landings 

when the second runway is introduced the third and 40 occur simultaneously in the same direction, 

fourth cameras positioned adjacent the first runway are p^y convenience, the zones through which aircraft 

repositioned closer to the obtuse angles formed between travel when landing or taking off are depicted m FIG. 

the two runways. This allows the third and fourth cam- ^ These zones are the same if aircraft are landing or 

eras to monitor both runways more effectively. taking off m the direction opposite that shown in FIG. 

Preferably, each video camera is movably mounted 45 % except that the zones are correspondingly be in the 
on a support device at its aforementioned position. Each reverse order as shown in FIG. 2. Each zone represents 
support device has coimected thereto a means for mov- ^ different phase of landing or take-off. If aircraft are 
ing the video camera. Thus, each camera may be ro- taking off from runway 2 in a south to north direction, 
tated through a horizontal plane or tilted through a the aircraft initially approach the southern end of the 
vertical plane to achieve the optimal monitoring posi- 50 runway 2 and position themselves in a northerly direc- 
tion depending on which runway is in use and the angle tion preparing for take-off. From this point the aircraft 
of descent or ascent of the aircraft The moving means travel through an initial thrust zone 4, an acceleration 
controlling the movement of each camera are activated zone 6, a liftoff zone 8 and ascend onto their flight 
by a signal transmitted from a control device via trans^ paths. The initial thrust zone 4 is that portion of runway 
mission cables, microwave or other available technolo- 55 2 where the aircraft initiate the engine thrust and begin 
gies. The control device is activated by an operator to accelerate down the runway 2. As the aircraft travel 
whenever the wind direction dictates a change in the down the runway 2, they accelerate through the accel- 
runway being used or some other factor requires the eration zone 6 which is that portion of the runway 2 in 
cameras to be retrained. which the aircraft to attain enough velocity to begin 

Additionally, each camera is preferably contained 60 Lift-off. The lift-off zone 8 is that portion of the runway 

within an environmental housing protecting the camera 2 through which the aircraft travel from the point 

from adverse weather conditions. Each environmental where the aircraft lift their nose wheel off the runway 2 

housing is suitably insulated to maintain a temperature to the end of the runway. Once lift-off is achieved the 

at which a camera contained therein will properly func- aircraft ascend onto their flight paths, 

tion. Each housing has at least one window through 65 A similar series of zones is used when aircraft are 

which a camera will monitor the aircraft. Preferably, landing in a south to north direction on the runway 2. 

each window has a wiper and washer to maintain clar- As the aircraft approach the southern end of the run- 

ity of the window. The wiper and washers may be way 2 on their glideslope they descend until landing in 
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a touchdown zone 16, then travel through a decelera- the camera 24 is trained in a generally northwesterly 

tion zone 18 and a taxiing speed zone 20. The touch- direction with both cameras 23 and 24 angled inwardly 

. down zone 16 is that portion of the runway 2 from the toward the longitudinal ajus of the nmway 2. Prefera- 

end of the runway to a point where the nose wheel bly, the cameras 23 and 24 are vertically tiltablc from 

touches the runway 2. Once the aircraft touch down, 5 horizontal through 45 degrees above the horizon so 

they decelerate through the deceleration zone 18 which they can effectively monitor varying flight paths of 

is that portion of runway 2 in which the aircraft dcceler- aircraft. Depending upon the Icnsing used, the cameras 

ate from their touchdown speed to their taxiing speed. 23 and 24 may also monitor aircraft while descending or 

Once the aircraft attain taxiing speed, they travel ascending. The cameras 23 and 24 are preferably hori- 

through the taxiing speed zone 20 which is that portion 10 zontally routable through a sweep close to 360 degrees 

of runway 2 from the point where the aircraft achieve so they can be retrained to monitor aircraft using other 

taxiing speed to the point where the monitoring system runways when necessary. 

no longer observes the aircraft The camera 25 is positioned adjacent to the south end 
The aforementioned zones are not absolute in size or and along the longitudinal axis of the runway 2 and is 
location on the runway 2 but , will vary with the flight 15 trained in a southerly direction. Preferably, camera 25 is 
path, weather conditions, point of touchdown, size and vertically tillable from horizontal through 60 degrees 
speed of each aircraft using the runway 2 and the length . above the horizon so it can monitor the aircraft regard- 
of the runway 2. Thus, each aircraft will define its own less of their varying angles of descent or ascent The 
series ofzones. The concept ofthe invention is that each camera 25 is also preferably horizontally rotatable 
aircraft is continuously monitored by the plurality of 20 through a sweep close to 360 degrees so it can be re- 
video cameras as it passes through the various zones and trained to monitor other runways, and to monitor bank- 
not that any particular camera must monitor each air- ing aircraft as long as possible, 
craft through a particular zone. The use of the zones The aforementioned directions in which the cameras 
iUustrates that each aircraft is continuously monitored 22, 23, 24 and 25 are trained remain essentially the same 
at all stages during take-off and landing. 25 regardless of whether aircraft are using the runway 2 to 
Also shown in FIGS. 1 and 2 are the positions of six land or take-off in a north to south direction or south to 
video cameras 22, 23, 24, 25, 26 and 27. According to north direction. This eliminates the necessity of retrain- 
the preferred embodiment of the invention, the cameras ing . the cameras depending upon whether aircraft are 
22, 23, 24 and 25 will monitor the aircraft landing ^d landing or taking off in different directions. The only 
taking off from the positions shown in FIGS. 1 and 2, 30 adjustments which may be necessary are the angle at 
such positions being more fiilly described hereinafter. which the cameras are tilted (dependmg upon the air- 
The cameras 26 and 27 are shown to illustrate where crafts* angle of ascent or descent) and the horizontal 
additional cameras may be positioned if desired. Also, durection of the cameras 22 and 25 at the ends of the 
the location of the cameras 22, 23, 24 and 25 may be : runway (depending upon the degree of banking, during 
changed provided the aircraft are effectively monitored 35 the aircrafts* ascent). 

for as long as practically possible. These four cameras As previously mentioned, additional cameras may be 

should monitor the aircraft regardless ofthe direction in used if desired. For example, FIG. 1 shows the cameras 

which the aircraft arc traveling at the time they are 26 and 27 positioned symmetrically to the cameras 23 

using the runway 2 for take-offs and landings. and 24. Both the cameras 26 and 27 could be horizon- 

The direction in which aircraft use the runway 2 40 tally rotatable and vertically tillable if desired to assist 

during takeoff and landing is primarily dictated by in monitoring the aircraft 

wind direction. Since aircraft generally land and take- Referring again to RG. 1, when aircraft are using the 

off into the wind, runway 2 is used for both takc-ofts runway 2 to take-off in a south to north direction, they 

and landmgs simultaneously. Accordingly, the same are initially .monitored by the camera 23 ftom the initi^ 

runway 2 is used for take-offs and landings in a north to 45 thrust zone 4 through the acceleration zone 6. In the 

south direction at certain times and for take-of& and acceleration zone 6, the camera 24 begins to monitor the 

landings in a south to north direction at other times. The aircraft and continues to monitor the aircraft into the 

cameras 22, 23, 24 and 25 are trained to monitor the lift-off zone 8. The camera 24 continues monitoring the 

aircraft traveling in these directions for as long as prac- aircraft until they begin ascending where the camera 22 

tically possible. 50 begins monitoring the aircraft The camera 22 continues 

The camera 22 is positioned adjacent to the northern to monitor the aircraft untfl they roll out onto their 

end and along the longitudinal axis of the runway 2 and flight path and are no longer capable of being moni- 

is trained in a northerly direction. Preferably, the cam- tored by the system. 

era 22 is vertically tillable from horizontal through 60 If the aircraft are using the runway 2 to land in a 

degrees so it can monitor aircraft regardless of their 55 south-to-north direction, the aircraft are initially moni- 

varying angles of descent or ascent. Aircraft generally tored by the camera 25 beginning on their glideslope 

ascend at an angle steeper than that at which they de- and ending approximately just before the aircraft land in 

scend, so tiltability of the camera 22 is desired. The the touchdown zone 16. Prior to landing the camera 23 

camera 22 b preferably horizontally rotatable through a monitors the aircraft into the touchdown zone 16 and 

sweep close to 360 degrees so it can be retrained to 60 through the deceleration zone 18. The camera 24 then 

monitor aircraft using other runways when necessary or monitors the aircraft in the deceleration zone 18 and to 

to monitor aircraft banking sharply onto their flight the taxiing speed zone 20. Finally, the camera 24 moni- 

path. tors the aircraft through the taxiing speed zone 20 and 

The cameras 23 and 24 are staggered relative to each until the aircraft no longer needs to be monitored, 

other with the camera 23 adjacent to the west side and 65 If aircraft are using runway 2 to take-off or land in a 

north end of the runway 2 and the camera 24 adjacent north-to-south direction the zones will correspond to 

the east side and south end ofthe runway 2. The camera those shown in FIG. 2. Thus, aircraft taking-off in a 

23 is trained m a generally southeasterly direction, and north to south direction are initially monitored by the 
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camera 24 from the initial thrust zone 4 through the Additionally, the cameras 30 and 31 monitor the aircraft 
acceleration zone 6. The camera 23 then monitors the through these zones. However, as previously men- 
aircraft from the acceleration zone 6 through the lift-off tioned, the zone in which any camera monitors an air- 
zone 8 until the aircraft lift-off. The camera 25 then craft will depend upon the aircrafts' landing or take-off 
, monitors the aircraft as they roll out onto their flight 5 path. 

path until the aircraft are no longer capable of being The second embodiment of the invention as depicted 

monitored by the system. in FIG. 3, shows cameras 23A and 24A located near the 

Aircraft landing in a north to south direction are obtuse angles formed by the intersection of the runway 
initially monitored by the camera 22 while they come 2A and the runway 32. This location is preferred be- 
down their glideslope to a point just before they land. 10 cause it allows the cameras 23A and 24A to monitor 
As the aircraft touchdown in the touchdown zone. 16 both runways 2A and 32 by horizontally rotating the 
they are monitored by the camera 24 until they enter the cameras to the desired direction. In FIG. 3, the camera 
deceleration zone 18 at which time they are monitored 24A is trained in a generally northwesterly direction, 
by the camera 23. The camera 23 monitors the aircraft and the camera 23A is trained in a generally southeast- 
from the deceleration zone 18 through the taxiing speed 15 erly direction. The cameras 23A and 24 A thus monitor 
zone 20. aircraft using the runway 2A in a manner similar to that 

As previously mentioned, the landing and take-off of the cameras 23 and 24 in FIGS. 1 and Z If this loca- 

zones vary with each aircraft so there will be some tion is not suftident to properly monitor the aircrafts, 

overlap of zones for each camera to monitor. For exam? the cameras 23 A and 24A could be relocated to posi- 

ple, referring to FlO. 1, smaller aircraft may generally 20 tions similar to those of the cameras 23 and 24 in FIGS, 

land at a point further along the runway than larger 1 and 2, and two additional cameras could be added 

aircraft because smaller aircraft require less runway to adjacent to the runway 32 one adjacent to the south side 

achieve taxiing speed. Thus, a smaller aircraft's landing and northeast end trained in a generally northwesterly 

zone may be at a point on the runway 2 where it is direction and the other adjacent to the north side and 

simultaneously monitored by the cameras 23, 24. 25 southwest end trained in a generally southeasterly di- 

Referring to FIG. 3, there is depicted the typical rection, 
arrangement of runways at airports having two run- Referring to FIG. 4, when the runway 32 is used the 
ways. The arrangement provides more than one opera- cameras 22A, 23A, 24A, 25A,*28, and 29 are retrained to 
tional runway for use depending upon wind direction. effectively monitor the aircraft landing and taking off. 
FIG. 3 shows a second embodiment of the invention 30 The camera 22A is trained toward the south, and the 
having fifth, sixth, seventh and eighth cameras 28, 29, 30 camera 25A is trained toward the north, both aimed 
and 31 in addition to the cameras 22A, 23A, 24A and generally along the longitudinal axis of the runway 2A. 
25A corresponding to the cameras 22, 23, 24 and 25 The cameras 28 and 29 are retrained so that the camera 
previously described The cameras 28, 29, 30 and 31 are 28 faces in a generally southwesterly direction and the 
trained to monitor aircraft in conjunction with the cam- 35 camera 29 faces in a generally northeasterly dicection, 
eras 22A, 23A, 24A and 25A when the aircraft are using both cameras 28 and 29 aiming generally along the 
the runway 2A. The camera 28 is located adjacent to longitudinal axis of the runway 32. Also, the camera 
the southwest end and along the longitudinal axis of the 23 A is retrained in an easterly direction, and the camera 
runway 32, and the camera 29 is located adjacent to the 24A is retrained in a westerly direction. With the cam- 
northeast end of the runway 32 along its longitudinal 40 eras so trained the aircraft using the runway 32 are 
axis. The camera 28 is trained in a generally northeast- continuously monitored whether they are landing 
erly direction, and the camera 29 is trained in a gener- northeast to southwest or southwest to northeast, or 
ally southwesterly direction along the longitudinal ax^ taking off northeast to southwest or southwest to north- 
of the runway 32. Both the cameras 28 and 29 are pref- east 

erably vertically tiltable from horizontal through 60 45 As previously mentioned, aircraft usually land and 

degrees above the horizon and are horizontally rotat- take-off into the wind and runways are typically used 

able through a sweep close to 360 degrees. simultaneously for this purpose. The runway 32 can also 

The cameras 30 and 31 are staggered relative to each be assigned zones through which aircraft travel similar 

other with the camera 30 adjacent to the south side and to those depicted in FIGS. 1 and 2. Referring to FIG. 4, 

the southwest end of the runway 32 and the camera 31 50 when aircraft are taking off from the runway 32 in a 

adjacent the north side and northeast end of the runway southwest to northeast direction they are initially moni- 

32. The camera 31 is trained in a generally southwest- tored by the camera 31 in the initial thrust zone. As the 

erly direction, and the camera 30 is trained in a gener- aircraft proceed through the acceleration zone and the 

ally northwesteriy direction; both the cameras 30 and lift-off zone, they are also monitored by the cameras 30, 

31 are angled inwardly toward the longitudinal axis of 55 24A. The camera 31 also monitors the aircraft in the 

the runway 32, as shown in FIG. 3. The cameras 30 and acceleration zone 6. The cameras 30, 23A continue 

31 arc preferably vertically tiltable through 45 degrees monitoring the aircraft through the lift-off zone 8. The 

above the horizon horizontally and rotatable through a camera 29 monitors the aircraft as they ascend and roll 

sweep close to 360 degrees. out onto their flight paths. 

When monitoring the runway 2A, the cameras 28 and 60 Similarly, when aircraft are landing on the runway 32 
29 face one another and are generally pointed along the in a southwest to northeast direction, they are initially 
longitudinal axis of the runway 32. The use of cameras monitored by the camera 28 on their glideslope to a 
28 and 29 in this manner helps to assure that the aircraft point just before they land. When entering the touch- 
using runway 2A are continuously monitored from as down zone, the aircraft are monitored by the camera 31 
many angles as possible. The cameras 28 and 29 gener- 65 through the deceleration zone. The cameras 30, 24A 
ally monitor the aircraft in either the acceleration zone and 23A also begin monitoring the aircraft as they enter 
6 or the deceleration zone 18 regardless of whether the the deceleration zone. The cameras 30 and 24A monitor 
aircraft are landing or taking off in either direction. the aircraft through the taxing speed zone. 
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When the aircraft take-off in a northeast to southwest The moving means 46 is activated by a control device 
direction, they are first monitored in the initial thrust 34 which is connected to each moving means 36 either 
zone by the camera 30. As the aircraft proceed through by a set of coaxial cable transmission means 40 or other 
the acceleration zone they are monitored by the cam- available technologies such as microwave or fiber op- 
eras 30, 31 and 23A. The cameras 24A and 31 continue S tics. The control device 34 may be operated manually 
to monitor the aircraA through the lift-off zone. Once or automatically or through the use of sensory devices 
through the liftroff zone, the camera 28 begins to mom- contained within each camera. 

tor the aircraft as they ascend and roll out onto their The purpose of horizontally rotating the cameras is to 

flight path. achieve the proper monitoring position relative to each 

Also, when aircraft arc landing in a northeast to ID runway. In order to detect evidence exterior to the 

southwest direction on the runway 32 they are initially aircraft it is beneficial to monitor the aircraft from sev- 

monitored on their glideslopc as they approach the eral angles. Thus, when the operational runway 

runway 32 by the camera 29. Upon landing in the touch- changes, the directions in which some of the cameras 

down zone the cameras 30 and 23A monitor the aircraft ^re trained are also changed. Each camera is trained in 

through to the deceleration zone, where the cameras 31 13 ^ predetermined direction for each runway being moni- 

and 24A begin to monitor the aircraft The camera 31 thereby providing the optimum monitoring ar- 

momtoTS the aircraft through the deceleration zone mto rangcment of the available cameras. Furthermore, the 

the taxiing spad zone until the aircraft arc no longer preferred embodiment defines the use of four cameras 

momtored by the sj^tem. As previously mtmUoned. the ^ne runway and four additional cameras for two 

cameras 22A «id 25A are tramed toward the center of 20 intersecting nmways. This arrangement could be modi- 

the runway 32 and momtor aircraft generally m the depending upon the size and configuration of the 

acoderation zone and the d«:eleration zone. runways zTZy Sven airport The nimiber of video 

The visual miag«obtamed by these aimcra^ must be necessarymay also be a function of the type of 

recorded m aise the data needs to be analyzccL As jensmg used. Eadi camera may be equipped with il^^ 

shown m FIG. 5, at least one recording device 38 is .25 .^hn^logy lenses so aircraft <^ be monitored at 

us^ for each video camera. The n»ordmg devices ture . Furthermore, each camera may be equipped with 

used to record the signals transmitted to them from the Z ll IP ^T^^ « • 

cameras monitoringXaircraft The recording devices automatic togettn^k^^ 

might be convcnti<Sial video cassette recorderfor com- ?°"?^ '^J"'^^ °' takeK,ff procedure of 
mc^ recording machines depending on the volume 30 ^ ^ * P<1^^" 
of data to be r*iorried Trans^on means such as ^9^^' ^9 the cameras from adverse weather 
coaxial cables are used to transmit signals from the conditions it is preferable to enclose them withm an 
camerastotherecordingdeviccs. The signals may alter- environmental housmg. Each environmental housmg is 
natively be transmitted to the recording devices by placed over top of a camera, and ite associated movmg 
means such as microwave links, optical fibers, or other 35 support me^ thereby protcctmg each 
available technologies. Once these signals have been component Preferably, the housmg comprises a smt- 
recordedtheycantiienbeacccsscdincascthcymustbc ^« insulated material which wiU maintain a d«ired 
analyzed. The recorded information may be stored for a opcraUonal temperature range therem m which the 
predetermined amount of time depending upon its in- cameras will function. Also, each housing must have at 
tended use. One option is to have the recording tape 40 window through which the cameras monitor 
running continuously and simply record over existing aircraft Each window is preferably heated with a 
dau with old video mformation being erased and new wiper and washer mechanism activated by the control 
information being recorded on the same portion of the device 34 to keep the window clear, 
tape after a designated period of storage time has 'WMe the invention has been shown and described 
elapsed. Redundant equipment might be used to msurc 45 with respect to a particular embodiment thereof, this is 
no loss of data in the event of an equipment failure. for the purpose of illustration rather than lunitation, and 
FIG. 5 shows a schematic view of a video camera other variations and modifications of the specific em- 
mounted on a means for moving the camera which is bodimcnt herein shown and described will be apparent 
connected to the support means 44. The movmg means to those skilled in the art all within the intended spirit 
46 allows each camera to be rotated horizontally or 50 and scope of the invention. Accordingly, the patent is 
tilted vertically. As previously mentioned, it is prefera- not to be limited in scope or effect to the specific em- 
ble that the cameras 22, 25, 28, and 29 be tOtable from bodiment herein shown and described nor in any other 
horizontal through 60 degrees above the horizon, and way that is inconsistent with the extent to which the 
the cameras 23, 24, 30 and 31 be tiltable from horizontal progress in the art has been advanced by the invention, 
through 45 degrees above the horizon. The tilting .53 What b claimed is: 

movement provides a full range of desirable monitoring 1* A system for monitoring aircraft taking off and 

positions between horizontal and vertical. For example, landing on an airport runway, comprising: 

the cameras 22, 25, 28, and 29 which monitor the air- . at least four video cameras located adjacent to the 

craft on their glidcslope and ascent path must monitor runway, each of the cameras being trained at a 

the aircraft as long as possible. In order to accomplish 60 different portion of the nmway, each of the video 

this, the cameras must tilt upwardly from a horizontal cameras adapted for transmitting video signals, said 

position. The amount of tilting necessary depends upon video cameras including: 

the steepness of the aircrafts' glideslope or ascending a first video camera located adjacent one end of the 

flight path. Also, it is preferable that all the cameras be runway and generaUy along the longitudinal axis . 

horizontally rotatable through a sweep close to 360 65 of the runway, 

degrees. When moving means 46 is activated, it controls a second video camera located adjacent the other 

both the vertical and horizontal movement of the cam- end of the runway and generally along the longi- 

eras. tudinal axis of the runway. 
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a third video camera located adjacent one side of 6. A system for monitoring aircraft as recited in claim 

the runway and generally toward said one end of h wherein^ 

the nmway. and video recording device is adapted to record the 

a fourth video camera located adjacent the other video data transmitted by said video cameras and 

side of the nmway and generaUy toward said ^ store said video data for an extended period of time 

other end of the nmway; whereby the video data can be reviewed when 

at least one video recording device for receiving the _ nectary. j • i • 

. 1 . J u j -J « 7. A system for momtonng aircraft as recited m clam:i 

video signals transmitted by said video camera^ ^ f„^i, ' 

*' ^ 4, tuitner compnsmg: 

. , 10 means connected to said rotating and tilting means 
video transmission means connectmg the cameras to ^r controlling the rotation and tilting of said video 
the recording device for transmittmg the video cameras, said controlling means located remotely 
signals from the video cameras to the video record- video cameras and capable of being acti- 
mg device; vated whenever necessary to move said video cam- 
whereby the monitoring system observes and records 15 eras, 
a visual image of aircraft depicting their external 8. A system for monitoring aircraft as recited in claim 
characteristics, the path taken by the aircraft be- 1, wherein the airport has a second runway intersecting 
fore during and after landing or take-off from the said aforementioned runway, further comprising: 
runways, to detect malfunctions, pilot error, equip- a fifth video camera located adjacent to one end of 
ment failure or other evidence which may assist in 20 the second runway and generally along the longitu- 
determining the cause of a crash. dinal axis of the second runway^ 
Z A system for monitoring aircraft as recited in claim a sixth video camera located adjacent to the other end 
1, wherein, second nmway and generally along the lon- 
' said first video camera is trained in a dkectiongener- gitudinal axis of the second runway, 

ally parallel to the longitudmal axis of the nmway ^ « ^^eo camera adjacent to one side of the 

and away from the nmway, ^«>°^ ^ generally toward said one end 

said second video camera is trained in a direction °^.*^!J^°^^ "^"^^^^ , , ,u m . 

generally parallel to the longitudmal axis of the camera adjacen to the other side of 

jscHciouy paiaiici uic luu^iuumm oaw ui uic the second ruuway and generally toward said Other 

^^yf^.^^^^y^'^^'^^^^^y* ^ 30 . end Of the second nmway. 

said third video ounera is trained in a direction gener- ^ ^ ^ monitoring aircraft as recited in claim 

ally toward said other end of the nmway and an- wherein, 

gled inwardly toward the kvigitudinal axis of the * ^ ^^^^ camera is adjacent to the intersection 

runway, ..... of the first and second runways, and 

said fourth video camera is trained in a direction 35 ggjd fourth video camera is adjacent to the intersec- 

generally toward said one end of the runway and tion of the first and second runways, 

angled inwardly toward the longitudinal axis of the 10. A system for monitoring aircraft as recited in 

runway. claim 8, wherein, 

3. A system for monitoring aircraft as recited in claim said fifth and sixth video cameras are movably 
1, comprising in addition support means upon which 40 mounted on support means. 

each of said video cameras is movably mounted. 11* A system for monitoring aircraft as recited in 

4. A system for monitoring aircraft as recited in claim claim 8, wherein, 

3, comprising in addition: and sixth video cameras are horizontally 
* means for rotating said video cameras horizontally rotatable through a sweep of close to 360 degrees 

and tilting said video cameras vertically, said rotat- *5 and verticaUy tiltable from horizontal through 60 

ing and tilting means being connected to said sup- d^ees above the horizon, 

port means, whereby the directions in which said ^ f^^** momtonng aircraft as recited m 

video cameras are tnunedareadjustable for various ^^/i^J^^^^, ^ 

paths taken by Uie aircraft. fihh ^ sixth video cameras are controllable by 

pau» uiM^u ouwxoi^. , ^ . , . 50 cofitrolling mcaiis. 

5. AsystemformomtonngaircraftasrecitedmcUum ^3 ^ monitoring aircraft as recited in 

4. whcrem, 2, wherein, 

said first and s«:ond video cameras are rotatable ^^^^^^^^ 

through a horizontal sweep close to 360 degrees monitoring at night, 

and vertically tiltable from horizontal through 60 55 14. a system for monitoring aircraft as recited in 

degrees above the horizon, and claim 1, wherein, 

said third and fourth video cameras are rotatable each of said video cameras is equipped with appropri- 

through a horizontal sweep close to 360 degrees ate focusing and iris control monitoring aircraft for 

and vertically tiltable from horizontal through 45 as long as practically possible, 

degrees above the horizon. 60 • • • « ♦ 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 4,989,084 
DATED : January 29, 1991 
INVENTOR(S) : Donald C. Wetzel 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 2, Lines 48-49, "lifts off in a accelerates through an 
acceleration zone," should be deleted. 



Signed and Sealed this 
Fiftecntli Day of September, 1992 



Attest: 

DOUGLAS a COMER 
Attesting Officer Acting Commtsstoner of Fatents and thidtmarks 
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